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Abstract.— Evidence from a study of ephydrids in temperate habitats supports

the hypothesis that insects are physically excluded from wave-disrupted marine

and freshwater habitats (Buxton, 1926; Hinton, 1976a). Regularly flooded Scan-

dinavian supralittoral (watt) and marine rock habitats and Lake Erie beaches

exposed to violent wave action have the lowest shore-fly (Diptera: Ephydridae)

richness. Marine and freshwater richness values increase with shore elevation and

distance from disrupted beach habitats. A comparison of Scandinavian and Nearc-

tic shore-fly communities with the Sorenson index of similarity indicates the

resident populations were distinctive species assemblages. Behavioral avoidance,

habitat preferences, and shortened developmental cycles presumably reduce im-

mature mortality and exposure to periodic violent inundation.

Historically, insect competition with the Crustacea, osmoregulation problems,

and periodic inundation have been considered the major constraints limiting

insect colonization of marine habitats. In 1 926, Buxton proposed that the physical

violence of wave action excluded insects from intertidal areas. Hinton (1976a)

reasserted that violent wave action has restricted insect colonization in marine

habitats. Additionally, Hinton (1976b) suggested that violent wave turbulence,

extreme, and rapid depth variations associated with regular flooding and drying

have limited colonization of exposed intertidal zones. Although Buxton (1926)

and Hinton (1976a, b) supported the wave action hypothesis, they did not present

quantitative evidence substantiating their suppositions.

Beach and intertidal zones are submerged by periodic tides and/or occasional

storms. During submersion and emersion episodes, beach and intertidal organisms

experience fluctuating physical, chemical, and biological conditions. These con-

ditions vary between the upper and lower limits of the intertidal range and are

related to the magnitude of tidal fluctuation, duration, and wave action. The
supralittoral (Neumann, 1976) division of the intertidal zone is irregularly flooded

during storms and the marine tidal extremes of the equinoxes. The supralittoral

fringe of the midlittoral is submerged every two weeks by the high waters of spring

tides. The midlittoral is inundated by tides once or twice daily, and its sublittoral

fringe is exposed only by the low waters of spring tides. The land-to-sea dimensions

of these intertidal divisions depend on the amplitude of local tides and shore

topography (Neumann, 1976).
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Intertidal and freshwater beach habitat substratum characteristics are related

to the degree of wind exposure, wave action intensity, and climatic factors (Neu-

mann, 1976). Turbulent wave action associated with tides and storms severely

disrupts the substratum. Commonly encountered disruptive processes include

vertical mixing, horizontal displacement, erosion, and abrasion of substratum

components.

Tidal and storm wave intensity is reduced significantly in sheltered marine

environments. Sheltered environments include leeward coastal areas, bays, es-

tuaries, lagoons, mangrove swamps, and saltmarshes. Saltmarshes, primarily con-

fined to temperate regions, are expanses of herbs and shrubs periodically inundated

by tides (Foster and Treherne, 1976). Saltmarshes form in areas sufficiently shel-

tered to allow the deposition and accumulation of fine inorganic and organic

particulate matter (Teal and Teal, 1969). Although inundated periodically, the

saltmarsh substratum is not severely disrupted, and, consequently, a variety of

salt-tolerant plant species colonize the habitat. Saltmarsh habitats and niches are

relatively stable compared to those in exposed intertidal zones. The greater insect

abundance in saltmarshes suggests that salinity is a minor factor preventing insect

colonization of the exposed intertidal zone (Hinton, 1976a). Neumann (1976)

reported that salinity was not the limiting factor controlling intertidal vertical

distribution of chironomids.

Several hundred insect species have colonized marine habitats (Cheng, 1976;

Hinton, 1976a, b). The predominant proportion of colonizing insect species in

marine habitats have originated in terrestrial rather than aquatic habitats. Hinton

( 1 976a) considered aquatic and terrestrial environments to have comparable mois-

ture levels. Submersion of terrestrial environments for prolonged periods is not

a rare or isolated event (Hinton, 1 976a). Hinton ( 1 960) reported the more common
presence of respiratory plastrons among terrestrial than aquatic insects.

A large majority of marine paurometabolous insects are found only in sheltered

habitats (Table 1). Most water-strider species (Hemiptera: Gerridae) have invaded

coastal water-bodies that have transient contact with the sea. These habitats

include saltmarsh ditches and pools, brackish ponds and lakes, coastal rock pools,

and brackish lagoons (Anderson and Polhemus, 1976). Additionally, gerrid species

are found in estuaries, mangrove swamps, and sheltered bays (Anderson and

Polhemus, 1976). The near-shore distribution of water-striders has been related

to the degree of disturbance, water currents, wave action and wind exposure

(Anderson and Polhemus, 1976).

Polhemus (1976) listed 20 species of Saldidae occurring in quiescent marine

habitats and 8 species in the intertidal zone. In addition to the sheltered habitats

listed in Table 1, saldids have been infrequently collected in mangrove swamps
and beach-dune habitats. Species found in the intertidal zone are restricted to

coral and rock reefs (Polhemus, 1976). Commonly, intertidal saldid species take

refuge in volcanic rock pockets and crevices which reduce the risk of being swept

out to sea by tidal currents. Uhler ( 1 884) reported the retreat of Pentacora signoreti

(Guerin) (Hemiptera: Saldidae) before the oncoming tide. Also, eleven species of

intertidal (coral rock coast) Halovelia (Hemiptera: Veliidae) take refuge from wave
action in holes of submerged rocks containing small pockets of air (Kellen, 1959).

Among holometabolous insects, the Diptera are most frequently collected in

marine environments. Mosquito (Culicidae) adults and larvae are encountered
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Table 1 . Distribution of Marine Hemiptera.f

1 .mill \
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Table 2. Ephydridae (Diptera) found in aquatic habitats on Lake Erie shores.
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Table 3. Species richness values (s) of ephydrid faunas in Scandinavian marine and Lake Erie

aquatic habitats.
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Table 4. Similarity of ephydrid faunas in Scandinavian marine habitats.
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Table 5. Similarity indices of Lake Erie aquatic habitats
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shore fly richness variation was accounted for by the abundance and type of

vegetation, presence of running water, and frequency of inundation. In all prob-

ability, the types and abundance of macroflora and microorganisms found on

Lake Erie and marine beaches are limited by severity and frequency of violent

inundation. Also, the intensity and frequency of inundation has a direct effect on

the survival of ephydrid immature stages. Barton and Hynes (1978a) reported

the elimination of wave-zone benthic macroin vertebrate communities by storms.

Additionally, Barton and Hynes (1978b) reported that the variety and relative

abundance of invertebrates on the exposed shores of the Laurentian Great Lakes

were related directly to substratum stability. At more sheltered sites, Evans (1982)

observed decreases in micrometazoan densities with depth above (+ 1 meter) and

below (— 1 meter) the Lake Erie wave zone. The reverse trend (increasing densities

with increasing depth) was found in all wave-zone sites and was attributed to

stress imposed on the fauna by wave induced sand-grain movement.

Although Ohio and Iowa lotic habitats have relatively high richness values (s)

(Scheiring and Deonier, 1982), Scandinavian marine (Dahl, 1959) and Erie beach-

es have low s values. Iowa and northeastern Ohio lotic habitats have substrates

that retain moisture (Scheiring and Deonier, 1982) while Scandinavian and Lake

Erie beaches dry rapidly. Beach habitat (sand and/or rock) substrate is well drained

and subject to solar and wind desiccation. In all probability, the movement of

substrate and xeric beach conditions precluded the colonization of diverse and

abundant macroflora and shore-fly assemblages.

Shore-fly relative abundance values suggest that several species are adapted to

the indigenous physical and biological conditions peculiar to Lake Erie habitats

(Table 2). Scatella obsoleta, S. stagnalis, Ephydra riparia, Hydrochasma leuco-

proctum, and Discocerina obscurella were found in large numbers in the wave

zone, marsh-reed, sedge-meadow, high sand beach, and limnic wrack, respectively.

The total number of marine species confirms that the majority of Scandinavian

shore flies are capable of utilizing saline habitats. The distribution of ephydrid

species richness- values suggests that frequency and intensity of inundation has a

major ecological impact. Scheiring and Deonier (1979) believed resource quantity

increased the richness and abundance of well adapted ephydrid species in transient

habitats.

In the watt and rock-pool habitats, herbivorous ephydrids had only a few algal

species available (Dahl, 1959). Scheiring (1974) analyzed aquatic ephydrid species

diversity and evenness in relation to habitat stability and available larval food.

Scheiring (1974) and Deonier (1965) concluded that shore-fly larval adaptations

are more important than those of adults in the determination of habitat distri-

bution. Simpson (1976) noted marine shore fly larvae required relatively quiescent

habitats, where the immature stages were protected from appreciable water move-

ment. Scandinavian marshes were dominated by thick-growing macrophytes and

algal populations (Dahl, 1 959). Significant quantities of undisturbed organic debris

provided ample substrate for micro-organism proliferation. Also, freshwater (=

limnic) wrack, composed of decaying organic matter, provided a substrate for

micro-organism growth (Scheiring and Foote, 1973). Although the marine wrack

habitat is transient, the habitat may provide substantial larval and adult food

resources for rapidly developing ephydrid species. Steinly and Runyan (1979)

reported rearing the larvae of Hecamede albicans (Meigen) on marine mussels



VOLUME88, NUMBER3 435

commonly encountered in marine wrack rows. H. albicans, utilizing a transient

habitat and food supply in the intertidal zone, completed development within ten

to fifteen days (Steinly, unpubl.). Also kelp fly species (Dobson, 1976) utilized

decaying vegetation in marine wrack. In all probability, kelp flies and H. albicans

avoid periodic supra-littoral inundation, and the disruption of nutrient resources

with a shortened life cycle. Scatella picea (Walker) and Scatella stagnalis (Fallen),

freshwater shore flies encountered in ephemeral mud-shore habitat, have short-

ened life cycles (Connell and Scheiring, 1982; Foote, 1979). Rapid ephydrid de-

velopment, a temporal adaptation, allows these species to avoid wave action and/

or rapid stream flow associated with storms in marine and freshwater habitats,

respectively.

Scandinavian marine grass pool have substantial accumulations of plant frag-

ments and a rich grass vegetation surrounding and within the depressions (Dahl,

1959). The maritime high sand beach has diverse macrophyte and micro-organism

populations. Species of diatom, chlorophyte, cyanophyte algae, and bacteria were

commonly found by Dahl (1959). Marine sand-pool habitat had no permanent

macrophytic vegetation but was bordered by highly productive algae populations

(Dahl, 1959). These relatively stable habitats were infrequently inundated and

were populated by a diverse and/or abundant micro-flora. Stable habitat sub-

stratum and nutrient resources probably have a significant influence on increased

ephydrid s values.

The data compiled in Table 1 and the text suggest that more than half of the

marine insect species are confined exclusively to sheltered habitats. In all prob-

ability, quiescent marine and freshwater habitats provide a refuge from severe

wave action. In particular, saltmarsh, grass pool, marine high sand beach, sand

pool, marsh-reed, and sedge-meadow insects have available a greater number of

stable niches and nutrient sources.

Habitat preferences of marine and lake shore insects and behavioral and tem-

poral adaptations of intertidal insect species substantiates the importance of avoid-

ing intensive wave action. Additionally, the species richness distribution patterns,

similarity, and relative abundance indices associated with Scandinavian marine

and/or Lake Erie ephydrid populations support the wave disruption theory.
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